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Abstract. This study presents the Real Estate Econometric Forecast Model (REEFM), a
pooled recursive system that integrates real estate’s space and capital markets. The
REEFM is empirically estimated using data from ﬁfty-one metropolitan ofﬁce markets
over the years 1985–96. The core of the REEFM consists of six stochastic equations for
each property type. These six equations predict occupancy, real rents, capitalizationrates,
market value per square foot, net change in stock and real construction costs. The model
also produces synthetic investment return series called Implied Market Returns that can
be used to guide investment acquisition activity and assess the representativeness of other
investment returns.
Introduction
In the past, academics and investment managers have had difﬁculty linking
information from the markets for leasable space and asset ownership claims. The
former is often referred to as the ‘‘space market’’and the latter as the ‘‘capital market.’’
For almost ﬁfteen years, academics have attempted to analytically integrate these two
markets. Within that time period, divergent forces were at work in the real estate
space and capital markets. In the capital market, institutional investment drove the
price of real estate assets higher than their replacement costs. Developers responded
to these prices in the capital market, but ignored the slower demand for real estate
space. As a result, the space market became rapidly overbuilt. This study presents the
Real Estate Econometric Forecast Model (REEFM), a pooled recursive system that
integrates real estate’s space and capital markets. The REEFM is empirically estimated
using data from ﬁfty-one metropolitan ofﬁce markets over the years 1985–96. The
REEFM is a signiﬁcant departure from previous attempts to link these two markets
in that it integrates real estate’s space and capital markets econometrically, rather than
diagrammatically, signiﬁcantly increases the number of metropolitan areas used in its
pooled equations and is capable of estimating equations for more than one property
type.
The core of the REEFM consists of six stochastic equations for each property type,
but for purposes of clarity this study will present the empirical estimates for only the
ofﬁce sector. These six equations predict occupancy, real rents, capitalization rates,
market value per square foot, net change in stock and real construction costs.
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The model also produces synthetic investment return series—called Implied Market
Returns (IMRs)—whose changes can be easily explained by the changes in the space
and capital markets. These IMRs can be used to guide investment acquisition activity
and assess the representativeness of other return series such as the National Council
of Real Estate Investment Fiduciaries (NCREIF) Property Index (NPI).
This article will brieﬂy review the literature that links real estate’s space and capital
markets and explain the REEFM’s conceptual framework. The construction of a useful
model requires not only practical applications for the model and a good theoretical
base, but statistical methods that make the best use of the available data. The data
and econometric techniques available for this task will be discussed next, followed
by the econometric results for the stochastic equations of the model. Before
concluding, applications of the REEFM in real estate investment decision-making are
described.
Literature Review
While space and capital markets for real estate generally move in tandem, divergent
trends can make them appear to ‘‘disconnect.’’ The period from the mid-1970s until
the late 1980s provides a good example. This ability of real estate space and capital
markets to disconnect was not lost upon the academic community. For their part,
academic writers on real estate had divided themselves into two camps. Those from
an urban economics tradition have concentrated on the space markets, while those
from a ﬁnancial economics tradition have focused on capital markets.
Weimer (1966) was probably the ﬁrst writer to distinguish between ‘‘use decisions’’
and ‘‘investment decisions’’ with respect to real estate, but the ﬁrst article that
attempted to integrate the real estate space and capital markets was written by
Hendershott and Ling (1984). Hendershott and Ling’s model evaluated investment
value responses to tax code alterations in a dynamic programming algorithm that used
a traditional discounted cash ﬂow equation with assumed parameters. Their simulation
model solved for replacement costs, prices and rents. Corcoran (1987) graphed the
two separate, but interdependent, real estate markets and explicitly distinguished
between the short- and long-run supply of space. The critical element linking rental
markets and asset markets in Corcoran’s model was the user cost of capital. The user
cost of capital deﬁned the long-run supply curve in rental markets and was inversely
related to the asset demand for real estate.
The next set of reﬁnements appeared as an elegant diagrammatic exposition in three
similar articles: Fisher (1992), DiPasquale and Wheaton (1992) and Fisher, Hudson-
Wilson and Wurtzebach (1993). For brevity, these three similar models will be
collectively referred to as the ‘‘diagrammatic model.’’ In this model, two variables
linked the space and capital markets. First, rent levels determined in the property
space market were central to determining the demand for real estate assets. In
acquiring an asset, investors are really purchasing the discounted present value of the
asset’s expected income stream. The capitalization rate translated rent levels into
market values in the short-run capital market. The second link was construction. IfECONOMETRIC INTEGRATION OF REAL ESTATE’S SPACE AND CAPITAL MARKETS 505
construction increases and the supply of assets grows, not only are prices driven
downward in the asset market, but rents will also decline in the space market. In the
long-run equilibrium, the market price of real estate must equal the replacement cost
of the asset, which is a function of the level of construction. The ﬂow of construction
is converted into the long-run supply of space. The combined property and asset
markets are in equilibrium when the starting and ending levels of stock are the same.
Despite its elegance, the diagrammatic model has three shortcomings.
First, Archer and Ling (1997) suggested that rather than assuming the cap rate is
exogenously determined, a multi-factor asset pricing model should be used to
determine the appropriate discount rate, which in turn would determine both the
market value and cap rate. Second, the diagrammatic model seems to suggest that
equilibrium is a natural state and that all values are determined simultaneously,
whereas in reality there are lags in the adjustment process. Finally, in its current form,
the diagrammatic model adds little in the way of practical advice for investors. While
the diagrammatic model can forecast general levels and changes in direction for real
estate markets, it cannot be used for comparing one market to another. To be useful
to the practitioner, the diagrammatic model needs to be statistically estimated in
individual markets. The REEFM corrects these shortcomings and empirically
estimates the short- and long-run space and capital market adjustment mechanisms in
ﬁfty-one metro area ofﬁce markets.
The REEFM’s Conceptual Framework
The REEFM is a pooled recursive system in four modules. The REEFM estimates six
equations for a property type p across m cross sections over t time periods. Here p is
the ofﬁce sector, m is the number of Metropolitan Statistical Areas (MSAs) and t is
the number of years. The REEFM consists of six stochastic and seven deterministic
equations. The six stochastic equations will be tested econometrically later.
Module I: The Short-Run Space Market
Module I is based upon models of real estate’s rental adjustment mechanism.1 Module
I’s two stochastic equations are:
T21
OCC 5 a 1 b RNT$ 1 g ECON 1 dYRDUM 1 « . (1) O p,m,tp ,m,1 1 p,m,t211 p,m,ttt p ,m,t
t51
T21
RNT$ 5 a 1 b VAC 1 dYRDUM 1 « . (2) O p,m,tp ,m,2 2 p,m,t21 tt p ,m,t
t51
In Equation (1), occupied space (OCCp,m,t is a function of lagged real rent (RNT$p,m,t21,
the nominal rent per square foot deﬂated by the Consumer Price Index) and an
economic variable (OFFEMPm,t 2 the combined employment of the FIRE and service
sectors). The coefﬁcients in Equation (1) have expected signs of b1 , 0 and g1 . 0.
In turn, real rents respond with a lag to vacancies (VACp,m,t21) in Equation (2).506 JOURNAL OF REAL ESTATE RESEARCH
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The coefﬁcient in Equation (2) has the expected sign b2 , 0. The YRDUMt variables
are missing data indicators used in estimating unbalanced panels. For instance, the
dummy variable YEAR85 takes the value of one in 1985 and zero in other years.
These dummy variables are the union of the set years represented in the data set (the
last of which is dropped). In the deterministic Equation (3), the nominal rental rate
multiplied by the amount of occupied space serves as a proxy for the level of income
(NOIEp,m,t).
NOIE 5 OCC 3 (RNT$ 3 (CPI /100)). (3) p,m,tp ,m,tp ,m,tt
Module II: The Short-Run Capital Market
Module II employs a widely accepted concept in ﬁnance—that an asset’s current
market value is the discounted stream of future earnings of the asset—to model the
short-run capital market. The deterministic Equation (4) uses Pagliari’s (1991)
modiﬁed Dividend Discount Model (DDM) by equating the growth rate of income to
the product of the overall inﬂation rate (INFLt) and the asset’s ability to pass through
inﬂation to cash ﬂow (PASSp,m,t).
MSFE 5 ((NOIE 3 (1 1 (PASS 3 INFL))/CAP ) 4 STK . (4) p,m,tp ,m,tp ,m,tt p ,m,tp ,m,t
The pass-through rate (PASSp,m,t) was simpliﬁed to be equal to one. The total market
value is divided by the stock of space (STKp,m,t) to derive the market value per square
foot estimate (MSFEp,m,t). Although the discount rate is the variable needed to
implement the DDM, these data were not available across the markets used in this
study. Instead, the capitalization rate (CAPp,m,t) was used.
CAP 5 a 1 b RISK 1 f TERM 1 g INFL 1 h %DECON p,m,tp ,m,4 4 t 4 t 4 t 4 p,m,t
T21
1 j RNT /MSF 1 dYRDUM 1 « . (5) O 4 p,m,t21 p,m,t21 tt t
t51
The stochastic Equation (5) for the cap rate contains ﬁve predetermined variables.
The variable RNTp,m,t21/MSFp,m,t21 is a reﬂection of the appraisal process wherein
comparisons are based upon historical data. The RISKt, TERMt, INFLt and
%DECONp,m,t variables are drawn from the pre-speciﬁed Arbitrage Pricing Theory
(APT) model of Chen, Roll and Ross (1986) with the following modiﬁcations. INFLt
is the actual rather than expected inﬂation rate and %DECONp,m,t is the percentage
change in the property type-speciﬁc local economic variable (i.e., ofﬁce employment)
rather than the percentage change in national industrial production. RISKt is the
difference in the corporate Baa bond rate and the ten-year Treasury bond rate. TERMt
is measured as the difference between the ten-year Treasury bond and the 3-month
Treasury bill rates. The signs for Equation (5)’s APT factor coefﬁcients (b4, f4 and
g4) were empirically estimated, but the remaining coefﬁcients have expected signs h4
, 0 and j4 . 0. Once the capitalization rate is established, the modiﬁed DDM is
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market value per square foot (MSFp,m,t) is regressed against this estimate (MSFEp,m,t)
to scale the results in Equation (6).
T21
MSF 5 a 1 b MSFE 1 dYRDUM 1 « . (6) O p,m,tp ,m,5 5 p,m,ttt t
t51
The sign on the MSFEp,m,t coefﬁcient is posited b5 . 0.
Module III: The Long-Run Space and Capital Markets
While rent links real estate’s short-run space and capital markets, construction links
these two markets in the long-run. Most real estate practitioners believe that new
space is brought into the market when the market value of space exceeds its
replacement cost (CSTp,m,t). Likewise, construction is considered more likely when
vacancies are at historically low levels.2 Simunek (1985, 1986) provides a synthesized
adjustment process that can combine these two determinants in a straightforward
manner. Two variables describe the net change in supply: construction completions
(NEWp,m,t) minus removals (RMVp,m,t). Using Simunek’s system as a guide,
completions minus removals in stochastic Equation (7) are a function of the lagged
difference in quantities (STKp,m,t2L 2 OCCp,m,t2L) and real prices (MSF$p,m,t2L 2
CST$p,m,t2L).
NEW 2 RMV 5 a 1 b (STK 2 OCC ) p,m,tp ,m,tp ,m,7 7 p,m,t2Lp ,m,t2L
1 g (MSF$ 2 CST$ ) (7) 7 p,m,t2Lp ,m,t2L
T21
1 dYRDUM 1 « . O tt t
t51
These equations link the space market in quantities and the capital market in prices.
The coefﬁcients in Equation (7) have the ex ante signs b7 , 0 and g7 . 0. In
deterministic Equation (8), the stock of space (STKp,m,t) in the current period equals
last period’s stock plus the current period’s completions minus current removals.
STK 5 STK 1 NEW 2 RMV . (8) p,m,tp ,m,t21 p,m,tp ,m,t
The REEFM modiﬁes DiPasquale and Wheaton’s (1992) model by positing that real
construction costs (CST$p,m,t) in Equation (9) are a function of the lagged net change
in stock (NEWp,m,t21 2 RMVp,m,t21) rather than current period new construction
(NEWp,m,t).
T21
CST$ 5 a 1 b NEW 2 RMV 1 dYRDUM 1 « . (9) O p,m,tp ,m,8 8 p,m,t21 p,m,t21 tt t
t51
A lag was used in this equation because, (as in the short-run space market), contracts508 JOURNAL OF REAL ESTATE RESEARCH
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slow the price adjustment process. The net change in stock was also used to facilitate
the recursive nature of the model. This change is still consistent with economic theory
and actually improved the econometric results. The ex ante sign on the (NEWp,m,t21
2 RMVp,m,t21) coefﬁcient is b8 . 0. The difference between stock and occupied space,
divided by the stock provides the period’s vacancy rate (deterministic Equation 10)
and closes the loop for the model.
VAC 5 (STK 2 OCC )/STK . (10) p,m,tp ,m,tp ,m,tp ,m,t
Module IV: Implied Market Returns
Module IV calculates Implied Market Returns (IMRs) based upon the following
modiﬁcation of the NCREIF return formulas. The market value per square foot (MSF)
is multiplied by the stock of space (STK) to approximate the beginning (t 2 1) and
ending (t) market values. The purchases into the market ‘‘portfolio’’ are proxied by
the completions (NEW) times the current market price (MSF) and sales are represented
by the removals (RMV) times the current market price. Actual net operating income
(NOI) is derived in a two step process. First, the total actual collections are
approximated by the amount of occupied space (OCC) times the rent per space foot
(RNT) 2 the NOIE proxy in Equation (3). Second, a ratio of NOI to total actual
collections (TAC) is multiplied by the step one’s gross revenue to arrive at NOI. If
rent is the annual rent per square foot, one twelfth of which is received at the end of
each month (an assumption that would be consistent with the NCREIF return
deﬁnition), then the rent expression in the NCREIF formula’s time-weighted
denominator is multiplied by 11/24, rather than 1/3. Giliberto (1994) demonstrates
that the 1/3 weight is the correct weight for a quarterly return, but not an annual
return. The implied income market return (IIMRp,m,t) and implied appreciation market
return (IAMRp,m,t) are equal to:
IIMR 5 p,m,t
(NOIE ) 3 (NOI /TAC ) p,m,tp p (11)
((MSF 3 STK ) 1 1/2(MSF 3 (NEW 2 RMV )) p,m,t21 p,m,t21 p,m,tp ,m,tp ,m,t
2 11/24(NOIE 3 (NOI /TAC ))) p,m,tp p
IAMR 5 p,m,t
((MSF 3 STK ) 2 ((MSF ,m,t 3 STK ) p,m,tp ,m,tp 21 p,m,t21
1 (MSF 3 (NEW 2 RMV , m,t))) p,m,tp ,m,tp (12)
((MSF 3 STK ) 1 1/2(MSF 3 (NEW 2 RMV )) p,m,t21 p,m,t21 p,m,tp ,m,tp ,m,t
2 11/24(NOIE 3 (NOI /TAC ))) p,m,tp p
The total implied market return (ITMRp,m,t) is the sum of the appreciation and income
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ITMR 5 IAMR 1 IIMR . (13) p,m,tp ,m,tp ,m,t
Module IV completes the outline and rationale for the integrated real estate space and
capital market model.
Data and Econometric Method
The data for this model came from ﬁve sources. F.W. Dodge provided vacancy rates
(VAC), stock (STK), completions (NEW) and removals (RMV). Multiplying the stock
of space by one minus the vacancy rate derived occupied space (OCC). The National
Real Estate Index (NREI) provided data on market values (MSF), rents (RNT) and
cap rates (CAP). RS Means calculated weighted averages of the construction cost per
square foot (CST). Regional Financial Associations (RFA) provided national and
metropolitan area economic and ﬁnancial variables. The ratio of net operating income
to total actual collections (NOI/TAC) was obtained from Institute of Real Estate
Management (IREM) and was equal to 55.7%. Exhibit 1 presents the 1996 levels for
selected variables.
Pooling cross-sectional time series (panel data) can increase the reliability of
parameter estimates by increasing the degrees of freedom and decreasing the standard
error of the parameter estimates. Although missing data are quite common in panel
data sets, there are methods for handling unbalanced panels, (e.g., the YRDUM missing
data indicators). This study used an unbalanced panel because there were different
numbers of observations for some of the cross-sections (MSAs). The ofﬁce market
had data for ﬁfty-one metropolitan areas. Twenty-three MSAs had annual data for the
years 1985–96. Two metropolitan areas had data for the years 1987–96 and twenty-
six MSAs had data for the years 1989–96. Eight to twelve years of data hardly seem
promising for an econometric model for each city. However, if the data were pooled
to combine cross-sections (MSAs) and time series (years) the number of observations
increases substantially. This study signiﬁcantly increases the number of metropolitan
areas included in the panel from a maximum of twenty-one MSAs in previous studies
to ﬁfty-one MSAs.
The REEFM Econometric Results
The REEFM has ﬁfteen endogenous, but only ﬁve exogenous, variables. This makes
the REEFM a fairly parsimonious system for forecasting. However, the limited time
series data available for this study (between eight and twelve years of annual data per
MSA) precluded testing the REEFM’s forecast accuracy. The focus was therefore on
the historical ﬁt of the model. The ﬁrst step was to determine which pooling
technique—ﬁxed effects or random effects—was more appropriate. The answer
depends upon the context of the model and the results of a Hausman test. If the data
are drawn from a sample of a larger population and it is desirable to make inferences
regarding other members of the population, then the random effects technique is more
appropriate. However, if the data are for the population, then the ﬁxed effects
technique is appropriate. In this study, the ﬁxed effects technique would appear more510 JOURNAL OF REAL ESTATE RESEARCH
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Exhibit 1
1996 Levels for Selected Variables
Metro Area OCC* RNT**
CAP
(%) MSF** NEW 2 RMV* CST**
ITMR
(%)
Atlanta 155,569 23.51 8.75 135.33 1,504 64.48 12.49
Austin 48,521 20.16 9.05 114.68 1,287 61.84 13.12
Baltimore 93,231 20.30 9.40 103.13 (375) 68.07 13.33
Birmingham 38,390 17.04 9.58 95.63 1,014 61.84 14.31
Boston 224,217 30.98 7.80 204.78 (807) 88.65 14.89
Charlotte 52,001 21.00 8.65 143.94 1,107 58.23 8.51
Chicago 347,588 27.31 8.90 165.04 (873) 81.44 14.53
Cincinnati 63,191 18.64 8.75 112.97 507 68.36 8.71
Cleveland 89,142 21.29 9.45 124.12 958 75.28 15.86
Columbus 68,214 21.62 8.75 152.03 1,617 69.52 8.88
Dallas 191,081 17.35 9.43 108.41 837 64.33 9.55
Denver 105,804 17.55 8.78 110.64 712 69.52 14.38
Detroit 167,080 17.46 9.33 114.87 (4) 79.36 4.08
Fort Lauderdale 44,973 24.70 9.65 127.72 493 65.78 21.65
Greensboro 40,548 17.65 9.05 97.83 1,008 58.92 8.54
Honolulu 35,724 22.47 8.90 171.90 520 92.32 0.24
Houston 178,715 14.75 9.65 90.79 150 67.23 10.54
Indianapolis 67,780 16.33 8.90 117.36 8 70.42 7.18
Jacksonville 39,978 16.79 10.63 82.16 826 64.52 12.82
Kansas City 80,636 17.74 8.80 116.80 1,803 70.77 8.96
Las Vegas 27,766 25.08 9.15 156.96 1,651 76.86 7.61
Los Angeles 361,886 23.40 9.23 140.44 (944) 83.53 6.90
Miami 77,405 24.71 8.60 154.13 759 65.78 6.50
Milwaukee 59,053 19.83 9.10 120.76 333 73.12 7.92
Minneapolis 128,698 25.85 9.10 141.91 432 82.48 31.71
Nashville 46,577 19.25 9.00 115.55 702 62.95 6.17
Nassau-Suffolk 70,199 23.79 9.43 122.97 (666) 96.08 11.38
New Orleans 48,621 14.52 10.53 68.88 (201) 65.15 13.57
New York 371,531 30.80 9.30 193.08 (3,350) 101.34 9.39
Newark 90,738 24.88 9.40 147.81 (601) 83.94 5.20
Norfolk 40,995 15.44 9.68 84.77 (61) 62.37 8.88
Oakland 89,595 23.88 9.18 146.48 (91) 89.71 4.75
Oklahoma City 35,599 12.62 10.08 62.98 98 62.80 14.29
Orange County 104,376 20.02 8.53 137.93 (36) 82.96 4.08
Orlando 45,400 20.65 8.90 121.41 944 64.95 24.12
Philadelphia 182,982 22.36 9.45 141.77 193 82.62 6.06
Phoenix 92,094 19.72 9.65 109.43 2,321 67.31 13.56
Pittsburgh 81,275 23.56 9.25 133.44 (127) 76.31 9.35ECONOMETRIC INTEGRATION OF REAL ESTATE’S SPACE AND CAPITAL MARKETS 511
Exhibit 1 (continued)
1996 Levels for Selected Variables
Metro Area OCC* RNT**
CAP
(%) MSF** NEW 2 RMV* CST**
ITMR
(%)
Portland 63,957 21.09 8.58 119.97 956 80.03 11.75
Riverside 44,302 20.06 9.83 108.12 462 82.96 12.47
Sacramento 55,734 23.87 8.40 153.97 998 83.80 10.63
St. Louis 92,486 19.88 9.60 115.97 (369) 75.15 6.86
Salt Lake City 46,082 19.08 8.15 114.54 1,371 65.02 23.77
San Antonio 48,681 16.69 9.10 92.22 146 63.35 10.51
San Diego 92,688 18.74 9.08 114.10 416 81.51 10.18
San Francisco 112,838 28.48 8.28 170.65 304 94.19 20.81
San Jose 72,596 24.86 9.45 129.99 488 90.45 16.62
Seattle 110,056 21.97 8.95 140.48 1,366 78.68 2.95
Tampa 71,851 16.83 9.18 92.95 206 64.52 10.78
Washington 345,059 32.33 7.95 248.52 7,196 71.81 17.28
West Palm Beach 35,366 18.88 8.95 112.29 431 63.54 7.02
*In thousands of square feet.
**Values are in 1996 dollars per square feet.
appropriate because the focus is only on the markets in the data set, but this
assumption was empirically tested. The six equations were ﬁtted with data and a
Hausman test statistic was calculated. The Hausman test is distributed as a chi square
statistic. The results indicated that the random effects technique should be rejected
for all but two of the equations. The real construction cost (CST$) and cap rates (CAP)
equations were still candidates for the random effects technique (although the ﬁxed
effects technique was not ruled out) until a second test was conducted. An F-test
compared the ‘‘plain’’ ordinary least squares regression of the whole sample to the
ﬁxed effects model. The null hypothesis was that these two techniques are equivalent
(Ho: am,b 5 a,b). The combined results suggested that the ﬁxed effects estimator
was preferred to both the random effects estimator and to a model with no individual
effects. Having selected the ﬁxed effects estimator, each of the equations were
calculated with heteroskedasticity-robust standard errors.
A summary of regression output is contained in Exhibit 2 and the individual intercepts
are in Exhibit 3. The missing data indicator coefﬁcients were removed for brevity.
Detailed regression output is available in Viezer (1998). The entire model appears to
ﬁt the data rather well. The average model adjusted-R2 was .91 for all of the REEFM
ofﬁce equations. The two equations with adjusted-R2s below .90 were the
capitalization rate (CAP) and the net change in stock (NEW 2 RMV). These results
were not surprising because interest rates and investment changes are particularly
difﬁcult variables to model.512 JOURNAL OF REAL ESTATE RESEARCH
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Exhibit 3
Fixed Effects (Intercepts) for the REEFM Equations
Metro Area OCC RNT$ CAP MSF NEW-RMV CST$
Atlanta 56,794.55 18.72 0.057 6.12 8,580.97 40.54
Austin 22,501.06 14.70 0.062 4.56 2,226.77 40.31
Baltimore 28,224.65 15.44 0.057 22.21 2,650.15 43.34
Birmingham 14,188.70 14.12 0.065 9.84 1,140.96 39.43
Boston 41,738.45 22.33 0.053 17.71 6,123.87 56.83
Charlotte 20,637.60 15.41 0.064 25.18 1,029.36 37.31
Chicago 126,865.43 22.11 0.061 48.18 16,895.51 49.98
Cincinnati 23,171.29 16.41 0.059 9.92 1,787.65 43.66
Cleveland 30,978.19 17.50 0.064 14.47 3,328.56 48.34
Columbus 26,744.01 15.59 0.065 25.64 1,238.62 44.67
Dallas 89,042.47 17.35 0.066 27.06 13,164.11 41.89
Denver 49,243.46 12.98 0.068 10.82 4,390.08 45.06
Detroit 58,930.71 15.41 0.064 26.65 6,621.63 49.17
Ft. Lauderdale 10,405.03 18.62 0.061 8.25 1,605.56 42.27
Greensboro 17,054.23 13.70 0.062 3.30 1,115.64 37.70
Honolulu 17,093.31 21.19 0.057 35.82 21,091.28 56.11
Houston 83,940.74 14.03 0.073 25.06 11,721.31 43.46
Indianapolis 27,128.81 14.78 0.067 28.90 2,871.17 44.40
Jacksonville 11,504.89 14.43 0.058 21.63 1,071.62 42.54
Kansas City 35,877.63 13.49 0.064 18.84 2,484.08 45.01
Las Vegas 29,989.04 16.72 0.066 18.03 154.47 49.19
Los Angeles 129,081.83 22.66 0.059 62.12 20,843.47 54.46
Miami 24,499.87 20.03 0.057 10.66 2,635.40 42.17
Milwaukee 18,323.19 15.95 0.062 12.07 1,534.46 45.38
Minneapolis 42,363.31 16.85 0.057 21.41 4,472.68 50.91
Nashville 15,123.66 15.17 0.062 7.06 1,052.78 38.91
Nassau-Suffolk 9,746.33 19.25 0.057 20.67 1,667.70 58.13
New Orleans 18,398.63 14.24 0.062 0.41 1,927.81 42.73
New York 93,566.57 23.76 0.061 37.49 10,359.98 61.33
Newark 35,225.79 19.59 0.063 28.10 3,673.54 49.72
Norfolk 10,004.83 14.76 0.063 8.65 1,101.03 39.21
Oakland 41,839.55 18.64 0.061 23.07 2,690.10 58.91
Oklahoma City 12,040.71 13.61 0.066 2.04 1,764.04 40.23
Orange County 36,126.05 17.63 0.055 32.97 5,174.58 54.53
Orlando 2,301.50 15.21 0.061 5.16 690.99 41.86
Philadelphia 43,622.94 16.71 0.063 23.85 6,677.08 50.63
Phoenix 21,160.22 16.70 0.063 10.27 4,847.62 43.45
Pittsburgh 20,888.41 17.61 0.063 14.04 2,158.91 47.30
Portland 21,551.29 15.61 0.056 1.42 1,208.47 52.35
Riverside 13,621.29 17.27 0.067 24.62 2,124.46 54.57
Sacramento 24,075.30 17.21 0.062 22.09 1,139.72 53.69
St. Louis 25,618.65 16.27 0.066 23.27 2,792.34 47.43
Salt Lake City 16,147.96 13.44 0.063 5.35 1,218.18 42.22
San Antonio 13,855.98 14.31 0.064 7.75 2,235.41 40.61
San Diego 32,721.10 18.38 0.058 15.93 4,289.93 53.49
San Francisco 46,181.51 18.43 0.048 14.32 753.72 61.97
San Jose 26,495.30 18.04 0.062 8.14 1,826.93 59.45
Seattle 46,491.17 15.65 0.062 23.04 3,161.49 50.48
Tampa 10,942.47 16.00 0.061 8.25 2,676.84 42.51
Washington 168,535.04 23.57 0.057 43.00 16,294.31 45.10
West Palm Beach 9,195.86 18.17 0.063 22.92 1,175.43 40.78514 JOURNAL OF REAL ESTATE RESEARCH
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The ﬁt of the OCC and RNT$ Equations (1) and (2) was quite good, as indicated by
the adjusted-R2s of .997 and .927, respectively. Both equations were statistically
signiﬁcant. The explanatory variables all had the expected signs. Lagged vacancy,
VAC(21), in the real rent equation and ofﬁce employment (OFFEMP) in the
occupancy equation were both statistically signiﬁcant. Although correctly signed,
lagged real rent, RNT$(21), in the occupancy equation had a large standard error.
The overall ﬁt and statistical signiﬁcance of the CAP Equation (5) was relatively good,
with an adjusted-R2 equal to .798. All explanatory variables except inﬂation (INFL)
were signiﬁcant. The term structure (TERM) coefﬁcient was positive. This suggests
that when the Treasury yield curve is upward sloping, cap rates are rising and market
values are falling. This sign may be the result of the time period over which the model
was estimated. The RISK variable was negatively signed. Inspection of the relationship
between the risk premium and cap rates suggested lagging the risk premium. The
negative sign would suggest that as the spread between corporate and Treasury bond
yields widens, cap rates fall (and market values rise). The negative sign on the local
economic variable (%DECON) implies that if the local economy grew in the current
period, capital would ﬂow into the local economy. Ceteris paribus, market values
would be bid up and conversely capitalization rates would fall. The inﬂation (INFL)
coefﬁcient was negative but statistically insigniﬁcant. A negative sign seems
appropriate for INFL based on the following logic. The cap rate is equal to the
discount rate minus the growth rate of income. The variables RISK, TERM and
%DECON relate to the discount rate in the regression. The growth rate of income is
equal to the inﬂation rate when the pass-through rate is equal to one and therefore
the sign on the INFL should be negative. The feedback from the space market to the
capital market was accomplished by including the lagged ratio of rent to market value.
This variable was positive and statistically signiﬁcant in the cap rate equation. The
RNT/MSF variable also indicates persistence in cap rates due to the lag in appraisal
comparisons. The MSF Equation (6) ﬁt the survey-derived data quite well, with an
adjusted-R2 of .975. The overall equation and the explanatory variable were both
statistically signiﬁcant.
The econometric estimation of both the net change in stock (NEW 2 RMV) and the
real cost of construction (CST$) were largely successful. Given that Dodge estimates
removals, it was decided to combine construction and removals to create a net change
in supply. The adjusted-R2s for the ﬁnal change in the stock and real construction cost
Equations (7) and (9) were .825 and .979, respectively. Both equations were
statistically signiﬁcant. In the net change of stock equation, the vacancy (STK 2 OCC)
variable had the expected sign (negative). The greater the amount of vacant space,
the lower the level of new construction. The price difference (MSF$ 2 CST$) variable
also had the expected sign (positive). The more the market value of assets exceeds
construction costs, the greater the level of construction. Both the vacancy and price
difference variables were lagged for two years and were statistically signiﬁcant. The
explanatory variable in the construction cost equation was also lagged two years, had
the correct sign (positive), but was not statistically signiﬁcant. These lags were
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A detailed comparison of these IMRs to their respective NCREIF Property MSA-
property type returns is found in Viezer (2000). The IMRs’average level and volatility
were tested to determine whether they were statistically different from their
corresponding NCREIF subindices and whether the correlation between the two sets
of returns were signiﬁcant. The aggregated ofﬁce returns had a correlation of 0.878
and were statistically signiﬁcant. Only two of the twenty-three ofﬁce markets
examined were found to be statistically different from their corresponding NPIs. Not
surprisingly, the individual markets had lower correlations and only ﬁfteen of the
twenty-three markets had correlations that were statistically signiﬁcant. Although the
average correlation was 0.627, the high was 0.870 (Sacramento) and the low was
0.133 (Cincinnati). Although the series were not perfectly correlated, the IMRs can
be explained by examining the component changes in rents and market values. By
construction, the REEFM will produce intuitively plausible market returns based upon
these variables. Moreover, the REEFM increases the number of metro ofﬁce market
return series to ﬁfty-one from NCREIF’s twenty-three with signiﬁcant historical data.
Uses of the Model
The REEFM’s output can be used in at least four ways. First, the IMRs could be used
to select target markets for investment. The annualized average total IMR for each
metro area-property type could be calculated and ranked. These rankings could
indicate the relative attractiveness of various markets. Alternatively, potential markets
could be selected in a manner similar to individual investments (i.e., selected based
upon internal rates-of-return, with all markets above a required rate-of-return being
targeted for investment). Another possibility would be to use a simple buy-sell rule
as described in Geltner and Mei (1995). If a metro area-property type IMR forecasts
above-average returns for the next two consecutive years, the market receives a ‘‘buy’’
rating. If the IMR predicts two consecutive years of below-average returns, the market
receives a ‘‘sell’’ rating. Otherwise, the market is rated as ‘‘hold’’ for a ‘‘wait-and-
see’’ strategy.
A second use of the REEFM’s IMRs is to analyze the ‘‘representativeness’’ of the
NCREIF MSA/property type returns. Due to the small number of properties in the
individual NCREIF market return series, these series may suffer from sampling error.
Comparing the REEFM IMRs and their component parts (NREI rents and market
values) can suggest whether the NCREIF series are representative. Consider a situation
wherein the two series are negatively correlated, (e.g., the IMRs are positive and rising
while the NCREIF returns are negative and falling). If NREI rents and market values
are rising and the NCREIF market returns are represented by only a few properties,
then the NCREIF series might be suffering from sampling error.
A third use of the REEFM output would be for ‘‘within real estate’’ asset allocation
studies. Targeting markets (the ﬁrst use) determines which markets offer the best
prospects for investment. The ‘‘within real estate’’ asset allocation determines which
markets and in what amounts should be included in the real estate portfolio to
maximize the expected return for a given level of risk. This can be answered using516 JOURNAL OF REAL ESTATE RESEARCH
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the standard Markowitz optimization from Modern Portfolio Theory (MPT). In
applying MPT to real estate, it is useful to be candid about the limitations of its data
inputs. One way to acknowledge the limitations of the NCREIF data in MPT
applications (e.g., appraisal smoothing, selectivity bias, non-normality and instability
of return correlation matrices)3 is to perform the analysis using a second set of data.
The REEFM IMRs could be used in the MPT optimization and the REEFM-derived
results compared to those obtained from NCREIF data.
Finally, having provided tools to guide the acquisition of new properties, the REEFM
could provide advice on which properties to hold and which to dispose. There are a
variety of performance measures available to evaluate historical performance, but the
fourth tool would be used to evaluate prospective performance. To evaluate whether
the budgeted cash ﬂow from a property is sufﬁcient to outperform its performance
benchmark return only two items are needed: the previous year’s ending market value
and a forecast of the regional property type’s total return. It is then straightforward
to estimate the amount of investment income and appreciation needed to equal this
forecasted return. While properties that do not exceed the forecasted return do not
necessarily qualify for disposition, nor do those who exceed the forecast merit
remaining in the portfolio, this report does provide managers with another tool to
evaluate whether a property should be included in the portfolio.
Conclusion
This study created a useful model for real estate investment. The REEFM pooled an
unbalanced panel to econometrically integrate real estate’s space and capital markets.
The REEFM employed a unique equation for determining the change in the stock of
space that links the space and capital markets in the short- and long-run. The REEFM
also introduced IMRs for property markets. The historical ﬁt of the model was on
average quite good. Although the REEFM was only tested for its historical ﬁt, its
parsimonious data requirements should facilitate its use as a forecast tool.
Although Viezer (1998) has estimated the REEFM for other property types, several
tasks remain for future research. The relationship between real rents and occupancy
needs strengthening. Moreover, there is no constraint between the occupancy
behavioral equation and the stock of space identity. This could result in occupied
space exceeding the stock of space, which would produce a negative vacancy rate.
The capitalization rate equation also merits reﬁnement, but offers an improvement by
being endogenously determined. The cost of construction variable could be improved
by including land costs. The real construction cost equation might be improved by
including other variables such as interest rates and/or construction wages.
Nonetheless, the REEFM can provide a useful starting point for future empirical
studies that attempt to link real estate’s space and capital markets.
Endnotes
1 Starting with Smith (1974), a number of articles have been written about the rental adjustment
mechanism in the real estate space market. These articles had two central features. First, theECONOMETRIC INTEGRATION OF REAL ESTATE’S SPACE AND CAPITAL MARKETS 517
demand for space was a function of rents and other variables. Second, rents were a function of
the vacancy rate. Rosen (1984) contended that the ﬁrst response to a change in demand is an
adjustment in vacancy rates from their ‘‘natural’’ level. The vacancy rate adjustment then affects
rents. Hekman (1985) employed the current vacancy rate to explain rents. However, articles on
the natural vacancy rate such as Wheaton (1987), Voith and Crone (1988), Gabriel and Nothaft
(1988) and Glascock, Jahanian and Sirmans (1990) suggested that this relationship should
involve lagged vacancy rates.
2 Academic articles seeking to explain commercial real estate construction have not combined
price and quantity determinants in a straightforward manner. Some authors contend that
differences in amounts of space determine the level of construction. Maisel (1963) and Rosen
(1984) both used the difference between the quantity of space supplied and quantity of space
demanded (vacancy) as a determinant of construction. Accelerator models such as Wheaton and
Torto (1990) used the difference between the desired long-run stock of space and the actual
stock of space as a determinant of the amount of new construction. Other authors, such as
Bower (1965), De Leeuw and Ekanem (1971) and Hekman (1985) focused on a price
determinant (rents) as a determinant of construction. The price determinant articles used rents
as a space market proxy for the (capital) market value of real estate assets.
3 Giliberto (1988) demonstrated on theoretical grounds how appraisal-based returns could be
biased. Geltner (1989) studied this bias and suggested that temporal aggregation may cause
substantial ‘‘smoothing’’ in appraisal-based returns. Guilkey, Miles and Cole (1989) studied
whether the NCREIF Property Index’s appreciation component needed to be adjusted for
‘‘selectivity bias.’’ Some authors—among them King and Young (1994) and Young and Graff
(1995)—have suggested that real estate returns are not normally distributed and efﬁcient
diversiﬁcation is unattainable within the real estate asset class. The non-normality of returns is
important, but Graff and Young (1996) have posed a greater challenge to the application of
MPT to real estate concerning the instability of correlation matrices of real estate returns.
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